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A Method tor Etching High Aspect Ratio Futures in IH-V-based Semiconductors 
for Optical and Electrical Devices 

Laura W.Mirkarimi 

A. Prior Art and Solutions: 

There is significant interest in the ability to etch high aspect ratio features with a 
large >88° sidewall in InP based materials for optical devices. The general trend 
in etching high aspect ratio features in Hl-V based Semiconductors both GaAs. 
and InP is to use dry etching and implement a high energy density plasmas such 
as Inductively Coupled Plasma (ICP) or Electron Cyclotron Resonance (ECR) or 
Chemically Assisted Ion Beam Etching. All of these techniques provide a 
combination of physical and chemical etching. To date, most work has focused 
on using CI chemistry based etches. 

I can not find any specific references that seem to overlap with my invention. 
Here are the citations that I did find in my searches that provide a view of prior art 
and etch process patents [1-2}.' I have included numerous journal articles for 
referenced discuss the prior art chemistry and approaches using CI, Ar, CH4, 
H2, SiCI4, BCI3 and etc [3-11]. Additional patents on wet etch HBr solutions were 
found; however, this Is a completely different application and invention [12,13]. 

B. Problems Rnlved bvth ft Invention: 

This invention takes a radical departure from the prior solutions and implements 
a standard Reactive Ion Etching technique with novel chemistry to achieve these 
goals. The use of RIE mode etching enables the amplification of selective 
etching between the mask and material of etched. One of the main difficulties in 
attempting to use the state of the art etch solutions to fabricate photonic crystals 
is that the mask material would degrade well before the desired etch depth was 
achieved. The submicron feature size is the critical parameter that requires a 
new etch solution for fabricating high aspect ratio etches > 5:1 . The small feature 
size and geometry of the photonic crystal lattice provides many thin walled 
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features in the mask that can be attached by the ions in the plasma and 
physically sputter the mask away. As the mask erosion proceeds, the feature of 
interest in the substrate becomes deformed. If the mask erosion is severe, it is 
possible that the desired etch depth can not be obtained before the entire mask 
erodes. 

Choosing the appropriate chemicals is one of the most important issues 
regardless of what type of etch system is used. The novel chemistry that we used 
is a bromine based chemistry rather than an CI based chemistry to etch the InP. 
The combination of the CH4, H2 and HBr enables a high chemical selectivity 
between the mask and the etched material. Additionally, the HBr provides a 
passivation on the vertical surfaces which enables the high aspect ratio etch 
. result of > 20:1. 

C. Advantages of the i nvention 

Replacing the ever-popular chlorine chemistry with bromine has the two main 
• advantages that the ln,0r y , and Ga^Br, products are more volatile than the ln x Cl y 
and GaxCl y and the HBr appears to have a self-passivation on the vertical 
surfaces which enables one to achieve very vertical surfaces. Therefore, high 
aspect ratio >10:1 features can be fabricated in InP to construct numerous 
electronic and optical devices/The sidewall etch is quite smooth and extremely 
vertical, both of which are important for photonic crystal lattices. This invention is 
. widely applicable to the Ul-V community: The regions of high etch rates are 
defined for alternative etch chemistries to make a variety of optoelectronic 
devices which require vertical side walls and substantial etch depths such as 
microdisc resonators, VCSELs, lasers, waveguides as well as photonic crystals 
and others'. It may enable the work that is currently done in a high density plasma 
systems to be done in standard RIE systems simply by choosing the right 
chemistry. Note that every university or lab typically has an RIE system; 
however, they may not have the more exotic high density plasma systems such 
as ICP or ECR systems. The novel chemistry chosen in this work will enable 
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many new optical and electronic devices to be fabricated with improved 
performance. 

D. Description of the Invention 

A thin Si02 or Si3N4 or other appropriate mask material Is grown onto a lll-V 
substrate or lll-V epitaxial layers. A 111-V material is one that consists of 
combinations of Group III elements such as A), Ga, In, B and group V elements 
being N, P, As. The mask choice is an important part of the invention because of 
the selectivity that this invention offers with the Si02 and Si3N4 masks. The 
mask Is then defined by a lithographic technique such as e-beam or other 
appropriate lithography for sub-micron features Figure 1(a). The lithographic 
pattern is transferred into the oxide with a dry etch technique using prior art 
techniques such as CHF3 in a reactive ion etch system Figure 1(b). The sample 
is then placed in a Reactive Ion Etch system. Chemistries consisting of CH3, H2 
and HBr are necessary to transfer the defined feature into the semiconductor. 
These three constituents are the primary gases required to obtain the desired 
high aspect ratio etching. I have attached a report that discusses some of the 
parameter space which has been investigated to date. That report shows how 
the etch rates vary with the concentration of HBr and Cr in the submicron feature 
area and compares this to the large micron sized features (identified as the field, 
etch). That report describes in detail the conditions that are used to obtain these 
results. Below is the range of conditions that this Invention should include: 

DC Bias j= 1 00-500 V 
P=50-200 Watts 
Temp > 60 
HBr=2-75% 
CH4=0-25% 
H2 = 0-12.5% 
Pressure^ 1-30mTorr 
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The important ratios that have been determined thus far are CH4:H2= 1 :1 to 2:1 
and the HBr: CH4 may range from 1 :4 to 4:1 . The attached report dated 

contains many details that can be incorporated in the claims 

of this invention. . 



a) e-beam or 
photlithography 
exposure 



b) Si02orSi3N4 
etch 

c) Hi-Vetch 




photoresist or e-beam resist 

Si02orSi3N4 

HI-V material (InP, GaAs, 

InGaAsP) 

-m-V substrate 



Reactive Ion Etch 
CHF3 based chemistry 



Reactive Ion Etch 
with HBr CH*: Hk 



Figure 1 : Schematic of Process Flow for the Etching 
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To: Mike Tan From: Laura Mirkarimi 

Re: Etch Data on InP Date; 

I have made some progress in developing a selective etch for InP photonic crystals using 
a Si02 hard mask. While I am sure that there are still improvements to be made in terms 
of the sidewall roughness reduction and wall angle, the basic chemistry and trends are 
encouraging. My criteria differs from previous work in InP in our lab, the feature sizes of 
my structures are typically 260 nm with pitches of 400nm and etch depths as large as 
2uxri which is an aspect ratio of > 10:1 at the wall height to wall thickness. 



Initial etch experiments in InP focused on using the ICP etcher with C12, CH4 and H2 
chemistries. While I did optimize a process with this chemistry, the results were 
disappointing- The main problem was the competition between mask erosion while 
etching to the appropriate depth in the hiP. Figure 1 shows the results that I obtained with 
this approach. 




Figure 1: C12/CH4/H2 = 6/8/45 (seem); RF1/RF2= 150/998 Watts; 
3 mTorr; ; Si02= 300nm 

I developed an etch process for Si photonic bandgap waveguides using HBr, which has a 
very high selectivity between Si02 and Si, Additionally, HBr appears to passivate the 
sidewalls as you etch. I had high hopes for HBr as an etchant for the InP photonic 
crystals, which require much larger etch depths than our Si photonic crystal waveguides. 
Thanks to David Lin for adding the HBr gas panel functionality, I was able to conduct the 
following tests. 

The first experiments were a slight variation from typical InP etch conditions in the ICP. I 
did perform some experiments with C12/HBr/CH4/H2; however, these results were 
similar to the experiments using C12/CH4/H2 which were shown in Figure 1 . Next I 
removed the C12 andtised HBr/CH4/H2 with the ICP mode and found similar results to 
that of the C12/CH4/H2. The scanning electron micrograph in Figure 2 shows the cross 
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section of a photonic crystal etched with the new chemistry in the ICP mode. Again, this 
etch condition attacks the Si02 hardmask, thereby limiting the etch depth in the InR 




Figure 2: a) Si02 mask remains; however it is thinning and the sidewalls are not 
verticle. RF1 = (150); RP2= 800; Temp set = 60; BBr/CH4/H2=6/8/4.5; 4mToir; 
time=2.5' ;b) SiO^ mask has been etched away (5 minute) RF1 = 150 Watts; 
RF2= 500 Watts; Temp= 60; HBr/CH4/H2=6 sccm/8 seem/ 
4.5sccm;4mTorr;time=5\ 



I abandoned the above approach and began evaluating the HBR chemistry using the RIE 
mode in the ICP etch system. With this approach, I obtained some encouraging results. 
Figure 3 shows the cross sectional view of a photonic crystal waveguide etched with the 
following conditions: DC Bias = 458; F=180 Watts; Temp = 60; HBr/CH4/H2^8/8/4.5 




Figure 3: Cross sectional view of SiOS/InP. 
Vertical side walls and mask retention look good. 
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Recently, I have evaluated the influence of the pressure and percent CH4 on the etch in 
the hope to fine tune the process to obtain deep etches in InP with smooth sidewalls and 
little polymer deposition. Daring these experiments I measured the etch rate of InP in the 
field (a 300um square) by a surface piofilometer and estimated the etch rate in the 
photonic crystal (PC) area by cross. sectional scanning electron microscopy. The etch rate 
of InP in the field is much higher than that in the PC region, which is likely due to 
diffusion issues with the high aspect ratios (Figure 4). The maximum etch rate in both the 
field and the PC region is achieved at 4 mTorr. 



Etch Rate vs Pressure 



-PC etch 




2 4 6 " a 

Pressure (mTorr) 



Hgure 4: Graph of the Etch rate in the photonic crystal region and the field 
are evaluated as a function of pressure in the system 



CH4 plays an important role in the.etch process „ When no CH4 is used, the HBR 
removes the Si02 mask for very long etches. Additionally, too much CH4 causes a 
significant polymer build-up in the field and can eventually lead to closing over the small 
holes in the photonic crystal (Figure 5) 




Hgure 5: 40% CH4 in the gas mixture, CH4/H2/HBr= 8/4.5/8; 2mTorr ; RF1=150 
Watts. 
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Effect of CH4 on Etch Rate 




0 10 20 30 40 50 
% CH4 



Figure 6; Etch rate of InP is shown as a function of the % CH4. 
As the %CH4 is increasing the %HBr is decreasing. 




Figure 7: The oxide mask remains in tact and vertical sidewalls were obtained. 



In conclusion, I have developed a selective etch for InP using HBr, CH4 and H2 
using a standard RIE mode in the IPC etcher. The selectivity between the InP and Si02 is 
typically greater than 40:1. This approach is quite promising for fabricating nanoscale 
InP based structures with high aspect ratios. 
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